Bmo, 59,1990: 157-170. A total of 1 014 sheep (522 ewes, 150 rams and 342 lambs) from the catchment--areas of the abattoirs of TiSnov, Klatovy, Strakonice and Nymburk were subjected to direct and indirect examination for sarcocystosis between October 1985 and June 1988.
A total of 1 014 sheep (522 ewes, 150 rams and 342 lambs) from the catchment--areas of the abattoirs of TiSnov, Klatovy, Strakonice and Nymburk were subjected to direct and indirect examination for sarcocystosis between October 1985 and June 1988.
Direct examination with the muscle digestion method revealed muscle cysts in 75.10 %,64.67 % and 35.67 % of the ewes, rams and lambs, respectively. The ratio of macrocysts to microcysts was 22 : 608. Macrocysts were found only in adult sheep (in 3.27 % of the ewes and rams) and, except one case where they were detected in both the the oesophagus and the diaphragm, were located exclusively in the oesophagus. Microcysts were located predominantly in the diaphragm and the intensity of their occurrence increased significantly (P < 0.005) with the age of the animals.
Serological examination of the blood using the indirect immunofluorescence reaction (IFR) detected specific antibodies in 88.70 %, 91.22 % and 94.44 % of the ewes, rams and lambs, respectively. In adult sheep the results of the two methods of examination coincided in 71.87 % ofthe animals, whereas a high dynamic discrepancy was found in 61.69 % of the lambs. A highly significant (P < 0.005) correlation was found between the direct demonstration of muscle cysts and the specific antibody titre of 40 and higher as recorded for the IFR.
Microcysts, macrocysts, antibody, age-dependence
Sarcocystosis is a parasitic disease affecting sheep in the intermediate-host phase of the life cycle of the causative agent. The genus Sarcocystis is classified within the group of obligately heteroxenic coccidia. Two months to 1 year after ingestion of the sporocysts muscle cysts develop (Dubey 1977) that are infective for the definitive host -canines and felids. The species found most frequently in our country are those producing microcysts -Sarcocystis arieticanis and Sarcocystis ovicanis where the definitive host is the dog. Macrocysts are characteristics of Sarcocystis gigantea where the definitive host is the cat. It is a well-established fact that pathogenic species of canine sarcocysts can produce clinical disease (inappetence, anaemia, fever, abortions) mainly in lambs and pregnant ewes. Sarcocyst species having the cat as their definitive host are regarded as non-pathogenic (Dubey 1986 ). Economic loss is due to gross lesions of the musculature.
From the epizootiological point of view ovine sarcocystosis can be regarded as a wide-spread disease. From the data reported abroad it appears that the proportions of positive animals ranged from 6.7 % to 100 %, depending mainly on the method of examination (Afshar et a1. 1974; Boch et a1. 1978; Diez-Banos 1978; Britt ~d Baker 1983; O'Donoghue and Ford 1986; Adamczyk and Chmielowski 1987; Arnaudov and Belchev 1987; Pomroy and Charleston 1987, a. 0.) . In our country Andrdko (1982) found macrocysts in 35 % of sheep in Slovakia.
More detailed data were reported by Gut (1982) using the muscle digestion method; he found macrocysts in 92 % of sheep. Cerna and Merhautova (1981) diagnosed sarcocystosis in 82 % of sheep slaughtered at Prague abattoir. Donat (1986) examining the oesophagi of 638 sheep reported positive findings in 102 of them: macrocysts in 5 (4.0 %) and microcysts in 97 (95.1 %) animals. Svobodova and Nevole (1985) diagnosed sarcocystosis in 64.9 % of pooled muscle samples from ewes, rams and lambs. The highest specific antibody titres ranging from 640 to 10240 were found by N evole et al. (1984) in 16 broilers and 26 ewes. From the afore-mentioned evidence it appears that the extent of sarcocystosis in our sheep flocks is considerable.
Preventive measures are based on the knowledge of the life cycle of the parasite. Under natural conditions the intermediate host becomes infected by ingestion of sporocyst-contaminated food or water. The resistance of sporocysts in the environment is considerable: under conditions of sufficient humidity they can survive for more than one year (Bergler et al. 1980 ).
The present study was designed to assess the possibility of diagnosing sarcocystosis in sheep under our conditions with reference to its incidence in animals of various ages.
Materials and Methods
Direct and indirect examination of sheep focussed on the incidence and diagnosis of sarcocystosis was carried out from October 1985 to June 1988. A total of 1 014 sheep (mainly Merino and its crosses) of various ages were examined. A survey of the animals is presented in Table 1 . Group 1 included 522 ewes, Group 2 included rams and wethers (150 animals) and Group 3 consisted of lambs -broilers and young animals between 6 and 12 months of age (342 animals). The adult sheep were between 3 and 8 years of age. The animals originated from the catchment-areas of the abattoirs of Tisnov, Nymburk, Klatovy and Strakonice.
Samples of oesophageal and diaphragm muscle and a blood sample were taken from each animal at slaughter in the abattoir. The muscle samples were examined with direct methods. Where visual inspection of the samples revealed macrocysts, the entire oesophageal and diaphragm muscles were carefully examined directly at the abattoir. For microscopic examination, samples of 15 g each were taken from the oesophageal and diaphragm muscles and cut with scissors to pieces of the size of an oat grain. Afterwards they were processed with the digestion and homogenization method as described by Nevole and Lukesova (1981) . The resultant sediment was examined for the presence of cysts and their fragments under a light microscope at x 80 to 200. The sarcocysts were not differentiated there to species but were only divided into macrocysts and microcysts.
The intensity of the incidence of the cysts was graded as follows: + (1 to 2 cysts), + + (3 to 5 cysts) and + + + (6 and more cysts in the whole sediment). Species differentiation of the sarcocysts was carried out on a limited number of the samples under a Tesla scanning electron microscope at the Veterinary Research Institute, Bmo.
Blood samples collected from the sheep were allowed to clot and then centrifuged at 1 500 rpm. The sera were stored at -18 °C until tested. The serological diagnostic method was the indirect immunofluorescence reaction (IFR) using corpuscular antigen obtained from S. gigantea macrocysts and rabbit anti-sheep gamma globulin conjugate RESjFITC labelled with fluoresceinisothiocyanate. The procedure was described in detail by Svobodova (1989) . The results of the serological reaction were checked by including a system of control with negative serum (precolo- Reisenauer (1970) in a TNS SC computer (Slu §ovice).
Results
The results of direct demonstration of cysts in the oesophagus and diaphragm muscles of the sheep together with their location are presented separately for ewes, rams and lambs in Table 2 . Sarcocystosis was demonstrated in a total of -611 (60.26 %) sheep. The highest proportion of positive findings was recorded in ewes and the lowest in lambs. Comparison of the incidence of the cysts in the ·oesophagus only with that recorded only in the diaphragm and concurrently in the two tissues shows that in lambs the cysts were located mainly in the diaphragm, whereas their incidence in the oesophagus and concurrently in the two tissues -can be regarded as sporadic. In adult sheep cysts were found mainly only in the diaphragm or concurrently in the two organs. These relations proved to be highly :significant (P < 0.005). Total evaluation of direct demonstration of the cysts in adult sheep (older than 1 year) and lambs (up to 1 year of age) is presented in Table 3 ; the increase of the cysts with age was highly significant (P < 0.005).
The same became apparent upon comparison of the findings obtained in ewes, rams and lambs (P < 0.005).
A survey of the incidence of macrocysts and microcysts is shown in Table 4 . It can be seen that findings of macrocysts were considerably fewer than those of microcysts (22 vs. 608). The location of macrocysts and the proportions of affected animals are shown in Table 5 . Macrocysts ( Fig. 1 and 2) were found only in adult sheep and the predilection site of their location was the oesophagus. Only in one instance macrocysts were found in both the diaphragm and the oesophagus. The proportions of ewes, rams and lambs showing sarcocysts in .the oesophageal and diaphragm muscles are presented, together with the intensity of infection, in Table 6 summarizing 851 positive findigs in 611 sheep. The cysts were significantly (P < 0.05) more frequent in the diaphragm than in the oesophagus. It is obvious that this significantly higher proportion of cysts in the diaphragm was due predominantly to the contribution of microcysts ( Fig. 3 and 4) . The intensity of infection in both the oesophagus and the diaphragm increased with age .. amounting to ++ to +++. This increase was highly significant (P < 0.005) and was more pronounced in the diaphragm. Each direct examination of the oesophagus and diaphragm muscles in 1014 sheep was supplemented by serological examination using the IFR technique. The results are summarized in Table 7 . A total of 91.22 % of the sheep were positive in the titre range of 10 to 10240 and only 8.78 % were negative. The frequency of the individual antibody titres is shown in Fig. 5 and is related to the three categories of sheep (ewes, rams and lambs) in Table 7 . It can be summarized that the IFR technique detected specific antibodies most frequently in the titre range of 40 to 640 (in 51.28 % of the animals examined). High antibody titres were found in 30.47 % of the animals.
Comparison of the results of direct sarcocyst demonstration with those obtained by means of IFR is presented in Table 8 . Statistical evaluation showed a highly significant (P < 0.005) increase in the coincidence of the results of direct and indirect examination with increasing age of the animals. The relation between direct demonstration ofthe cysts and specific antibody titres is shown in Table 9 . IFR detected no serological response to the presence of cysts in 43 cases, diagnosed the cysts in low (10 to 20) antibody titres in 48 sheep and in titres of 40 and higher in 85.10 % of the animals, i. e. several times more frequently. This relation was highly significant (P < 0.005). The differences between the three categories of sheep were not significant.
Discussion
Sheep are intermediate hosts of four species of the genus Sarcocystis. The definitive hosts are canines and felids. Because of close contacts between these animal species Sarcocystis in spread practically in all sheep-raising countries. However, the reported extent of its incidence varies in dependence upon geographical conditions and, to a considerable degree, upon the diagnostic methods. Up to now, sarcocystosis has been diagnosed most frequently on the basis of direct methods. In the bulk of our samples we used the muscle digestion method There were considerable differences between the findings obtained in lambs and adult sheep: sarcocysts were diagnosed most fequently in ewes (in 75.10 % of them) and less frequently in rams and lambs where they were found in 64.67 % and 35.67 % of the animals~ respectively. The incidence of muscle cysts showed a highly significant (P < 0.005) increase with increasing age and is in keeping with the conclusions reported by Herbert and Smith (1987) . Generally~ lambs become infected only after they are placed on roughage which is often contaminated with Sarcocystis sp. sporocysts. The first cysts can be observed 3 months after infection at the earliest (Leek et al. 1977; O'Toole et al. 1986 ).
Comparison of the proportions of sheep with cysts in the oesophagus and in the diaphragm and of the respective intensities of infection showed that more cysts were detected in the diaphragm muscle. The incidence of microcysts was significantly (P < 0.05) higher in the diaphragm in all three categories of sheep.
Having made no species differentiation of the microcysts~ we can only presume that typical microcysts~ and possibly also macrocysts in their initial stages of development~ were present concurrently in the oesophagus and in the diaphragm. The more frequent incidence of the cysts in the diaphragm was particularly conspicuous in lambs where cysts in the oesophagus were found in only 5.26 % and those in the diaphragm in 21 % of the animals. A possible explanation is that sarcocyst species producing microcysts occur more frequently in the diaphragm (Heydorn et al. 1975) . Those characterized by macrocyst production~ on the other hand~ are located more frequently in the oesophagus (Collins et al. 1979) ,. but usually are not identified in 6-to 8-month old lambs where muscle cysts are still in the process of development. The intensity of sarcocyst infection was generally low (+). In adult animals, however, the findings of moderate ( + + ) and heavy infection ( + + + ) were more frequent because the intensity of infection increased· significantly (P < 0.005) with age. Heavy sarcocyst infection in the oesophagus muscle was recorded in 6.71 % of the ewes and 4.58 % of the rams but in as few as 0.65 % of the lambs.
Heavy infection in the diaphragm muscle was found in 8.13 % of the ewes, 9.93 % of the rams and 3.90 % of the lambs. The results of direct examination can be summarized to the effect that most muscle cysts were produced by species having dogs as their definitive hosts, which is in keeping with the observation that more Sarcocystis sp. sporocysts were found in the faeces of dogs than in the faeces of cats (Svobodova et al. 1983 ). In our conditions macrocysts are produced by S.gigantea. Another species known to produce macrocysts is S. medusiformis. The latter was not demonstrated in our study and its incidence is probably limited to Australia and New Zealand (Levine 1985) . In both cases the definitive host is the cat. In our study macrocysts were found in 3.27 % of adult sheep: in 3.45 % of the ewes and in 2.67 % of the rams. No macrocysts were demonstrated in the lambs. In all cases macrocysts were found in the oesophageal muscle either alone (in 0.49 %) or along with microcysts (in 3.11 % of the animals). Only in one instance macrocysts were diagnosed concurrently in the oesophagus and in the diaphragm. The ratio of macrocysts to microcysts in our study was slightly different than that reported by other investigators; it was 1: 28 as against 1 : 20 reported by Donat (1986) . In the Slovak Republic the incidence of macrocysts is much higher than in the Czech
Republic. According to Andrasko (1982) it amounted to 35 % and macrocysts were located not only in the oesophagus but also frequently in the diaphragm, intercostal muscle and other muscles. These findings cause considerable problems at meat inspection in the abattoir. The higher incidence of macrocysts in sheep in Slovakia is probably associated with the fact that more sheep are kept there under conditions of close contact with possible definitive hosts. In Scotland macrocysts were found in as many as 100 % of the sheep examined (B ri tt and Baker 1983). In other countries their incidence was reported to range between 6.7 % and 18.2 % (Afshar et al. 1974; Bratberg et al. 1982; O'Donoghue and Ford 1986) . From our results of direct examination we concluded that the probability of detecting muscle cysts is increased by examining both the oesophagus and the diaphragm. Since microscopic methods incur more time and effort, a simplified diagnosis in adult sheep at the abattoir seems feasible: we recommend to examine the entire oesophagus together with the diaphragm by visual inspection and then examine the diaphragm muscle with a microscopic method. In lambs, however, visual inspection is by no means a satisfactory diagnostic tool and microscopic examination is a necessity; the most suited organ for this examination is the diaphragm.
For serological examination of the samples we used the IFR. This method revealed more positive animals than the direct demonstration of sarcocysts. Antibodies were detected in 91.22 % of the sheep, a finding at the upper limit of the data reported by other investigators (Boch et al. 1978; Arnaudov and Belchev 1987, a. 0.) . In our study even low specific antibody titres (10 to 20) were taken into account. It became apparent that muscle cysts were present even in animals with low antibody levels or in those showing no antibody response. The same conclusions were reported by Cerna (1985) . However, from the titre of 40 onwards the correlation between the direct demonstration of cysts and the specific antibody titres was highly significant (P < 0.005). In keeping with the observations re- ported by Reiter et al. (1981) it can therefore be recommended that screening: tests of exploratory character should start at the titre of 40. The largest proportion of the cysts was detected at the titres of 40 to 640. High antibody titres provide evidence of acute infection. They were found mainly among lambs and were accompanied by the incidence of cysts in a lower percentage of animals.
In ewes muscle cysts were found in 75.10% and specific antibodies in 88.70 %.
of the animals. In rams the proportion of those showing muscle cysts was 64.67 % and that of serologically positive animals was 92.67 %. The greatest differencebetween the direct demonstration of sarcocysts and the presence of antibodies was found in lambs: direct examination detected 35.67 % positive animals, whe--reas serological examination using the IFR revealed 94.44 % lambs with specificantibodies. These differences were most likely due to the fact that in the initial stages of infection antibody response occurs before detectable muscle cysts have devoloped. This is characteristic particularly of lambs where the proportion of' animals showing cysts is relatively low owing to their age J:?ut antibody response is considerable and indicates primary infection. In the present study the results of direct and indirect examination were compared and statistically analysed in an attempt to find a suitable method for the diagnosis of sarcocystosis. In adult sheep the results of the two methods coincided 71.87 % of the animals, whereas in lambs a discrepancy was found 61.69 % of the animals examined. The coincidence of the results of the two methods showed a highly significant (P < 0.005) increase with age. In the light of these observations it is concluded that at meat inspection of adult sheep carcasses direct examination of muscle cysts is sufficient, whereas in lambs it must be combined wifu serological methods.
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